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LETTER TO THE EDITOR
Electroneutral Na-H Exchange
Does Not Depolarize the
Resting Membrane Potential
Dear Sir :
In a paper published recently, Jacob et al . (1984) show that electroneutral
exchanges that result in a net electroneutral Na-K exchange may hyperpolarize
the membrane potential beyond the value calculated by the Mullins-Noda (1963)
equation . This effect is mediated by an electrogenic Na-K pump . The authors
then argue that a cell with low proton permeability and a Na-H exchange as the
only electroneutral exchanger would have a membrane potential less negative
than predicted by the Mullins-Noda equation . The purpose of this letter is to
point out that this prediction is based on an incorrect analysis of the membrane
currents .
Jacob et al . describe the ionic equilibrium of a cell having passive Na and K
fluxes, an electrogenic Na-K pump flux, and an electroneutral Na-H exchange
by the equations :
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jNa + MNa + XNa = 0
jK+mK =0 .
These equations can be combined to give an equivalent equation for the mem-
brane currents:
IN. + INap + INaH + IK + IKp = 0,
where IN., INap, INaH, IK, and IKp are the currents produced by the ion fluxes jNa,
MNa, XNa, jK, and MK, respectively . These equations describe a system that appears
to satisfy the conditions for electrical and ionic equilibrium, i.e ., that all the
internal ionic concentrations be in their steady state . This implies the necessary
condition that EI = 0 . However, the system described by Jacob et al . has the
form shown in Fig . 1 .
The membrane currents of such a system are given by :
Z1 = INa + INap + INaH + IH + IK + IKp,
where IH is a hyperpolarizing current associated with the proton efflux . A
comparison with Eq . 1 shows thatJacob et al . have omitted the hyperpolarizing
proton efflux (xH equivalent to IH) and that their system is electrically unbalanced
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and in equilibrium only with respect to its internal Na and K concentrations.
Therefore, to satisfy the condition that EI = 0, the membrane potential derived
from Eq . 2 will have to be more negative than it is in Eq. 1. Thus, the
depolarization demonstrated by Jacob et al . does not occur on the basis of any
electroneutral exchanges, but simply because they omitted the hyperpolarizing
current IH.
Eqs. 1 and 2 cannot be satisfied simultaneously unless the proton efflux is zero.
Since this is not the case, the system cannot be in equilibrium and, forthis reason,
an analytic equation describing the resting membrane potential cannot be de-
rived. However, activation of an electroneutral exchange that loads the cell with
Na would seem likely to cause hyperpolarization because of the activity of the
electrogenic Na-K pump.
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FIGURE 1 .
￿
Schematic diagram of a cell containing an electrogenic Na-K pump, an
electroneutral Na-H exchange, diffusive currents for Na and K, and metabolic
activity producing protons within thecell .
The abovearguments also apply to the case where an equivalent electroneutral
Na-K exchange is added to the Na-H exchange. Jacob et al . predict that such a
system could either depolarize or hyperpolarize, depending on the relative
contribution of the Na-H exchange system. Since the Na-H exchange system
does not depolarize the system, the net effect of the two systems can only be a
hyperpolarization.
The system of pH regulation in excitable cells is more complex than that
presented by Jacob et al. There are at least three models (Roos and Boron, 1981)
that could account for the observed stoichiometry of proton extrusion. In
addition, any model that requires ionic equilibrium of all its internal ions must
consider that the metabolic production of a proton is always accompanied by the
production of an anion. In reducing proton extrusion to a simple one-to-one Na-
H exchange, Jacob et al . have ignored the above complexities.
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EDITORS' NOTE: A reply to the above letter is being prepared .
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